Septic arthritis of the wrist can result in permanent damage to the joint, making timely diagnosis crucial to initiate empiric antibiotics and surgical intervention. Although septic arthritis is routinely included in the differential diagnosis of atraumatic wrist pain, the incidence is unknown. Unlike large joints, there is no consensus on cell count values considered pathognomonic for wrist septic arthritis. The goal of this retrospective study was to determine the incidence of wrist septic arthritis and to identify the clinical, serum, and joint fluid values that predict infection. The records of patients who presented to a single urban hospital with a swollen, painful wrist without trauma during a 10-year period were reviewed. For patients who had a joint fluid analysis, the records were examined for history as well as demographic and laboratory data. Joint fluid analysis consisted of cell count, Gram stain, and cultures. Of 892 patients who met the inclusion criteria, 1.5% had wrist septic arthritis. Variables associated with septic arthritis included serum white blood cell count above 11,000/µL, core temperature above 100.4°F within 24 hours of aspiration, history of intravenous drug abuse, and smoking. No joint cell count analysis predicted septic arthritis, although patients with septic wrists had an elevated joint white blood cell count above 97,000/µL. Wrist septic arthritis is uncommon; however, objective factors can help identify patients at risk. Because joint cell count analysis cannot reliably predict a septic wrist, priority for joint aspirations with limited fluid should be given instead to Gram stain, culture, and crystal analysis. [Orthopedics. 2017; 40(3):e526-e531.]
presenting with an atraumatic painful and swollen wrist, the incidence of true infection is not known.
2 To obtain clinical information to aid in the diagnosis of septic wrists, the goals of this study were to (1) establish the incidence of septic arthritis of the wrist, (2) identify objective laboratory data from joint fluid and serum analysis that indicate septic arthritis of the wrist, and (3) establish clinical risk factors for septic arthritis of the wrist. A total of 892 patients met the inclusion criteria and were included in the review; from this cohort, a subset of 72 patients who underwent joint aspiration was identified. Demographic data ( Table 1) as well as laboratory values obtained within the first 24 hours of arrival at the hospital or within 24 hours of symptom onset for admitted patients with new symptoms of atraumatic wrist pain were recorded. Laboratory values included serum white blood cell count (WBC) and differential, erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP), as well as core temperature (Tc). For Tc and WBC, these continuous variables were reanalyzed as nominal data using commonly accepted cutoff values. Fever was defined as Tc greater than 100.4°F, and leukocytosis was a serum WBC count greater than 11,000/µL.
Materials and Methods
If joint fluid was obtained and analyzed, then WBC and percentage of neutrophils, Gram stain, culture, and crystals were recorded. From this group, 40 patients had received antibiotics prior to aspiration. Septic arthritis of the wrist was defined as a positive joint fluid culture or Gram stain from the initial aspiration or in the operating room. In contrast, crystalline arthropathy was defined by the presence of crystals on joint fluid analysis.
All data were recorded, and patient information was protected in accordance with the Health Insurance Portability and Accountability Act. Categorical data were analyzed with Fisher's exact test, and the Wilcoxon rank sum test was used for continuous data. Univariate and bivariate comparisons were performed, and the level of significance was set at P<.05.
results
Based on the definition that a septic wrist requires a positive culture or Gram stain from the initial joint aspiration or from an operating room joint fluid specimen, 1.5% of all potential cases meeting the inclusion criteria and 18% of wrists with a joint fluid analysis were considered to represent a case of septic arthritis of the wrist. Four patients had a diagnosis of septic arthritis that was confirmed in the operating room rather than by joint aspiration alone. The most common diagnosis confirmed by joint aspiration was crystalline arthropathy, and for patients without joint aspiration, the most common diagnosis was wrist tenosynovitis ( Table 2) .
A comparison of patients with septic arthritis proven by culture or Gram stain and patients without septic arthritis indicated statistically significant values that positively predicted a diagnosis of septic arthritis were a serum WBC count greater than 11,000/µL (P=.03; odds ratio [OR], 1.13; 95% confidence interval [CI], 1.00-1.27) and fever within 24 hours of aspiration (P=.04; OR, 2.94; 95% CI, 0.96-8.98) ( Table 3 ). For patients with septic arthritis, Tc ranged from 97°F to 104.1°F, with an average Tc of 100.4°F. For patients without a septic joint, Tc ranged from 98.2°F to 102.8°F, with an average Tc of 99.7°F. Table 3) .
As differentiation of a septic and crystalline arthropathy is necessary and difficult to establish clinically, further comparison between patients with aspirate-proven crystalline arthropathy and those with septic arthritis was conducted secondarily. Compared with crystalline arthropathy, positive blood culture, fever above 100.4°F, and a joint WBC count of 97,000/µL or greater were associated with septic arthritis.
When patients with septic arthritis were compared with patients with other causes for a painful wrist, a history of smoking was the only patient factor associated with the diagnosis of septic arthritis (P=.05; OR, 2.5; 95% CI, 0.84-7.42). When patients with septic arthritis were compared specifically with patients with crystalline arthropathy, smoking (P=.01; OR, 11.1; 95% CI, 1.84-62.5) and a history of intravenous (IV) drug abuse (P=.02; OR, 33.8; 95% CI, 1.69-67.7) predicted infection, whereas a history of gout or pseudogout was predictive of crystalline arthropathy (P=.01; OR, 16.5; 95% CI, 1.77-155.4) (Figures 1-2) . Of note, 2 of the 72 patients with an aspiration performed had concomitant septic arthritis and crystalline arthropathy of the wrist. These patients were allocated primarily to the septic arthritis group. For patients with septic arthritis, the isolated organisms are listed in Table 4 . The most frequently cultured organism was methicillin-resistant Staphylococcus aureus (MRSA), with 1 patient having a concomitant MRSA and pseudomonal infection. The other common final diagnoses, as determined by negative cultures or clinical examination, were crystalline arthropathy (23.6%), cellulitis (18%), arthralgia (18%), subcutaneous abscess (12.5%), and flexor and extensor tenosynovitis (9.7%) ( Table 2 ). The diagnosis of arthralgia, which describes unspecified joint pain, was documented frequently.
discussion
The true incidence of septic arthritis of the wrist has not been well established in the literature. In the current study, septic arthritis of the wrist was an uncommon condition, afflicting only 1.5% of patients presenting specifically for a painful wrist without trauma in a series of 892 patients at a single urban trauma center in the northeastern United States. Skeete et al 5 reported on a cohort of 104 patients during a 2-year period and identified a 5% incidence of septic wrist. The incidence of septic wrist was not documented in a study by Rashkoff et al 6 ; however, only 29 septic wrists were discovered during their 10-year study period.
Not only is septic arthritis of the wrist uncommon, but the diagnosis can be difficult with no previously defined objective laboratory criteria that are pathognomonic for infection.
2,3,5 The current study sought to identify serum and joint fluid values, clinical measurements such as temperature, and immunocompromised status, as well as risk factors such as renal disease and diabetes. However, it could not be determined whether fevers and elevated serum WBC counts were associated with septic arthritis of the wrist in the context of an atraumatic painful joint, although there were no clearly predictive factors in this limited series.
In the current study, elevated serum WBC was associated with septic arthritis of the wrist. Skeete et al 5 identified increased serum WBC in 2 of 5 patients with septic wrist, which they deemed as "not helpful." Mehta et al 3 looked at septic arthritis of the shoulder, elbow, and wrist; they were unable to identify serum WBC elevation as predictive of septic arthritis. In any patient with suspected septic arthritis of the wrist, a complete blood count should be obtained as the WBC may signify an infected joint or a variety of other conditions. 7, 8 Unfortunately, additional serum markers such as ESR and CRP were not found to be predictive of septic arthritis of the wrist. However, because a fever and elevated WBC count is common in many conditions, timely diagnosis of septic arthritis of the wrist still typically relies heavily on joint fluid analysis. Thus, aspiration should be attempted in any patient with a suspected wrist joint infection.
Given that the same pathophysiologic process accounts for larger joint infections, intuitively it would be expected that the confirmatory cell count values seen in these cases would apply to wrist joint infections; however, no studies have been able to confirm this. 1, 5 Unlike larger joints such as the hip and knee, the current study did not identify a reliable cell count pattern that could be considered predictive or pathognomonic for septic arthritis of the wrist. It is possible that this could be due to the small sample size of infected wrists in this study. An elevated WBC count in the joint fluid above 97,000/µL was found in each case of septic arthritis of the wrist; however, this finding was not significant when compared with all other patients with a painful wrist undergoing an aspiration. Therefore, when limited joint fluid is available for analysis, joint culture, Gram stain, and crystal analysis should take priority over cell count.
For patients with septic arthritis in any joint, Matthews et al 9 found approximately 24% had positive blood cultures at the time, and therefore they recommended adding analysis of blood for organisms in any patient with a suspected joint infection. Patients with either gout or septic arthritis may present with a swollen, painful joint with concomitant fevers, and no previous studies have identified that positive blood cultures predict septic arthritis compared with crystalline arthropathy. In the current study, positive blood cultures predicted infection over gout and therefore can help distinguish the diagnosis when both are in question. Compared with the overall study cohort, blood cultures did not predict septic arthritis, which is a surprising finding. Although one would expect that a septic wrist ultimately would be the source in bacteremic patients with an atraumatic and painful joint, this could have been confounded by the number of patients who received antibiotics. Interestingly, 2 patients had concomitant crystalline and septic arthritis, which has been documented previously. [10] [11] [12] Finally, when considering patient factors, previous studies have suggested that immunocompromised patients, including those with vascular disease and those with significant renal disease, were more likely to have a septic wrist. 1, 5, 7, 8 This observation was not confirmed in the current study, which was likely underpowered to detect this finding. In the current study population, the patient factor associated with septic arthritis was a history of tobacco smoking. When patients with a wrist infection were compared with those with crystalline arthropathy, as one would expect, a history of IV drug use also was significantly associated with septic arthritis. For those patients with an infected wrist joint, S aureus was the most common organism isolated in other studies; in the current study population, MRSA was most prevalent. 1, 3, 6, 13 The high incidence of MRSA in the current patient cohort may be different than in other populations. As such, the current authors agree with the recommendation of beginning empiric gram-positive coverage immediately after joint aspiration and culture; however, it also is recommended that MRSA coverage should be considered in areas known to have a high prevalence of MRSA infections.
The present study had several limitations, primarily the retrospective nature of data collection and the concurrent heterogeneous method of initial data collection. Thus, records of attempted but unsuccessful wrist aspirations, as well as those without enough fluid for analysis, could not be identified. Therefore, no conclusions about the success of this procedure can be drawn. Furthermore, all of the patients were from a single, large, urban hospital, and the results therefore may not be generalizable to the entire population. As such, the incidence of septic arthritis of the wrist and the associated risk factors may be different in a suburban setting. It is believed that the abnormally high incidence of MRSA infections in the current study is likely a direct consequence of this limitation.
In this study, 40 patients received antibiotics prior to joint aspiration. Septic arthritis was defined as positive joint fluid cultures but also was considered positive if Gram stain showed organisms, which should mitigate the bias introduced by preaspiration antibiotics. The ICD-9 codes used to identify patients and comorbidities may account for missed data, as difficulties with validity and reliability of this coding system have been well established. [14] [15] [16] Finally, as with many infection studies, the results are predicated on the quality and technique with which the cultures were obtained by the various clinicians.
conclusion
When evaluating patients with a history and physical examination for septic arthritis of the wrist, the presence of fevers and an elevated serum WBC count were findings associated with the diagnosis of a septic wrist. Patient characteristics such as smoking and IV drug abuse also were found to be associated with septic arthritis. Although the risk factors identified in this study should raise suspicion for a septic joint, aspiration of the wrist should be attempted in all cases with high clinical suspicion as positive cultures are diagnostic. The current data suggest that when limited joint fluid is available for testing, Gram stain with culture and crystal analysis should be obtained with priority over a cell count analysis, which was found to have limited diagnostic utility. However, when differentiating specifically between septic arthritis vs crystalline arthropathy, the presence of an elevated joint WBC count, the presence of serum bacteremia, and positive joint cultures or Gram stain were associated with the diagnosis of septic arthritis of the wrist.
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